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(54) ORGANIC THIN FILM TRANSISTOR ELEMENT AND ITS MANUFACTURING METHOD 

(57)Abstract: 

PROBLEM TO BE SOLVED: To provide an organic thin 
film transistor element having high production efficiency, 
which comprises an organic semiconductor layer 
comprising acenes of large carrier mobility, and to 
provide a method for manufacturing the transistor 
element. 

SOLUTION: The method for manufacturing the organic 
thin film transistor element comprises steps of forming a 
gate electrode and a gate insulating film on a surface of 
a substrate, forming on the gate insulating film a layer 
comprising a precursor of acenes which has at least one 
radial that can be separated by protonation, and 
converting the precursor of acenes to acenes by heating 
the layer to obtain the organic semiconductor layer. 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

"I.This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2.**** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 



CLAIMS 



[Claim(s)] 
[Claim 1] 

An organic thin film transistor element which is provided with an organic semiconductor layer 
containing the acenes changed from an acene precursor which has at least one basis which can 
disconnect itself by pro TONETO by disconnection, and is characterized by things. 
[Claim 2] 

The organic thin film transistor element according to claim 1, wherein electric dissociation 
exponent values of conjugate acid of a leaving group [ TONETO / leaving group / pro ] are 10- 
20. 

[Claim 3] 

The organic thin film transistor element according to claim 1 or 2, wherein said acene precursor 
is a pentacene precursor. 
[Claim 4] 

The organic thin film transistor element according to claim 3, wherein said pentacene precursor 
is a compound expressed with a following general formula (1). 
[Chemical formula 1] 

-JS^(1) 



OR 




[R expresses an organic group of a hydrogen atom or monovalence among a formula. ] 
[Claim 5] 

After forming a layer containing an acene precursor which has at least one basis which can 
disconnect itself by pro TONETO on the surface of a substrate, A manufacturing method of an 
organic thin film transistor element of Claims 1-4 changing this acene precursor into acenes and 
considering it as an organic semiconductor layer by heating this layer given in any 1 clause. 
[Claim 6] 

A manufacturing method of the organic thin film transistor element according to claim 5, wherein 
said heating is performed under existence of acid. 
[Claim 7] 

After forming a gate electrode and gate dielectric film on the surface of a substrate, on this gate 
dielectric film, A manufacturing method of an organic thin film transistor element changing this 
acene precursor into acenes and considering it as an organic semiconductor layer by heating this 
layer after forming a layer containing an acene precursor which has at least one basis which can 
disconnect itself by pro TONETO. 
[Claim 8] 
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A manufacturing method of the organic thin film transistor element according to claim 7, wherein 
said heating is performed under existence of acid. 
[Claim 9] 

A manufacturing method of the organic thin film transistor element according to claim 7 or 8, 
wherein electric dissociation exponent values of conjugate acid of a leaving group [ TONETO / 
leaving group / pro ] are 10-20. 
[Claim 10] 

A manufacturing method of an organic thin film transistor element of Claims 7-9, wherein said 
acene precursor is a pentacene precursor given in any 1 clause. 
[Claim 11] 

A manufacturing method of the organic thin film transistor element according to claim 10, 
wherein said pentacene precursor is a compound expressed with said general formula (1). 



[Translation done.] 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[Field of the Invention] 

This invention relates to an organic thin film transistor element and a manufacturing method for 

the same. 

[0002] 

[Description of the Prior Art] 

The needs for a flat-panel display are growing as a display for computers with the spread of 
information terminals, the opportunity for the information conventionally provided with the paper 
medium to be electronized and provided increases with progress of computerization, and it is 
thin, and light — the needs for electronic paper or a digital paper are also growing easily as an 
expression medium for mobile which can be carried. 
[0003] 

The expression medium is formed using the element which generally used a liquid crystal, organic 
electroluminescence, an electrophoresis, etc, in the monotonous type display device. In such an 
expression medium, in order to secure the homogeneity of screen intensity, screen rewriting 
speed, etc., the technology using the active driver element constituted by the thin film transistor 
(TFT) as a picture driver element is in use. 
[0004] 

A TFT element is usually manufactured here by mainly forming metal thin films, such as 
semiconductor membrane, such as a-Si (amorphous silicon) and p-Si (polysilicon), a source, a 
drain, a gate electrode, one by one on a substrate on a glass substrate. In addition to the film 
formation process which requires vacuum system equipment and high-temperature-processing 
processes, such as CVD and sputtering, a high-precision photolithograph process is usually 
needed for manufacture of the flat-panel display using this TFT, and the load of facility cost and 
a running cost is dramatically large. In connection with the needs of big-screen-izing of a display 
in recent years, those costs are very huge. 
[0005] 

In recent years, research and development of the organic TFT element using the organic 
semiconductor material as technology of compensating the demerit of the conventional TFT 
element are furthered briskly. 
[0006] 

Although various organic semiconductor materials are proposed, pentacene is known as what 
provides the organic TFT element of high carrier mobility (refer to patent documents 1). 
However, since the thin film of pentacene is formed by vacuum evaporation here, a vacuum 
process is needed and there is a problem that productive efficiency is low and cost becomes 
high. 
[0007] 

The technology which disassembles this pentacene precursor and forms a pentacene thin film is 
proposed by heat-treating the thin film of the pentacene precursor which has the halogenation 
cyclohexadiene of cross-linking ****** as a method of improving this problem (refer to 
nonpatent literature 1), Although it becomes unnecessary [ a vacuum process like the patent 
documents 1 ] in this technology, this pentacene precursor is compounded under ultra-high 
pressure, and its productive efficiency is not low realistic. There is a problem that the pentacene 
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produced by doing in this way has low carrier mobility. 
[0008] 

[Patent documents 1] 

JP,2001-94107,A 

[0009] 

[Nonpatent literature 1] 

Advanced Materials, 1999, vol.11, p480-p483 

[0010] 

[Problem to be solved by the invention] 

Therefore, the purpose of this invention is for productive efficiency to provide an organic thin 
film transistor element provided with the organic semiconductor layer containing the high and, big 
acenes of carrier mobility, and a manufacturing method for the same. 
[0011] 

[Means for solving problem] 

The purpose of describing this invention above is attained by the following composition. 
[0012] 

(1) The organic thin film transistor element which is provided with the organic semiconductor 
layer containing the acenes changed from the acene precursor which has at least one basis 
which can disconnect itself by pro TONETO by disconnection, and is characterized by things. 
[0013] 

(2) An organic thin film transistor element given in (1), wherein the electric dissociation exponent 
values of the conjugate acid of the leaving group [ TONETO / leaving group / pro ] are 10-20. 
[0014] 

(3) (1) or an organic thin film transistor element given in (2), wherein said acene precursor is a 
pentacene precursor. 

[001 5] 

(4) An organic thin film transistor element given in (3), wherein said pentacene precursor is a 
compound expressed with a following general formula (1). 

[0016] 

[Chemical formula 2] 

OR 




[0017] 

[R expresses an organic group of a hydrogen atom or monovalence among a formula. ] 

(5) After forming a layer containing an acene precursor which has at least one basis which can 
disconnect itself by pro TONETO on the surface of a substrate, A manufacturing method of an 
organic thin film transistor element of (1) thru/or (4) given in any 1 clause changing this acene 
precursor into acenes and considering it as an organic semiconductor layer by heating this layer. 

[0018] 

(6) A manufacturing method of an organic thin film transistor element given in (5), wherein said 
heating is performed under existence of acid. . 

[0019] 

(7) After forming a gate electrode and gate dielectric film on the surface of a substrate, A 
manufacturing method of an organic thin film transistor element changing this acene precursor 
into acenes and considering it as an organic semiconductor layer by heating this layer after 
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forming a layer containing an acene precursor which has at least one basis which can disconnect 

itself by pro TONETO on this gate dielectric film. 

[0020] 

(8) A manufacturing method of an organic thin film transistor element given in (7), wherein said 
heating is performed under existence of acid. 

[0021] 

(9) A manufacturing method of an organic thin film transistor element (7) or given in (8), wherein 
electric dissociation exponent values of conjugate acid of a leaving group [ TONETO / leaving 
group / pro ] are 1 0-20. 

[0022] 

(10) A manufacturing method of the organic thin film transistor element of (7) thru/or (9) given in 
any 1 clause, wherein said acene precursor is a pentacene precursor. 

[0023] 

(11) A manufacturing method of an organic thin film transistor element given in (10), wherein said 
pentacene precursor is a compound expressed with said general formula (1). 

[0024] 

[Mode for carrying out the invention] 

The big feature of this invention is that it uses as the organic semiconductor for organic thin film 
transistor elements acenes changed from the acene precursor which has at least one basis from 
which it can secede by pro TONETO by disconnection. In the following explanation, as long as 
there is no notice especially, the acene precursor which has at least one basis which can 
disconnect itself by pro TONETO is called acene precursor concerning this invention, and the 
acenes changed from the acene precursor concerning this invention by disconnection are called 
acenes concerning this invention. 
[0025] 

In this invention, acenes say the compound which the benzene ring condensed, and, specifically, 
naphthalene, anthracene, tetracene, pentacene, HEKISASEN, phenanthrene, pyrene, etc. are 
mentioned. When carrier mobility, productive efficiency, etc. are taken into consideration, acenes 
especially desirable also in this are pentacene. 
[0026] 

It is preferred that the electric dissociation exponent values of the conjugate acid of the leaving 
group [ TONETO / leaving group / pro ] are 10-20 as an acene precursor concerning this 
invention. 
[0027] 

When it is made into a thin film, the acene precursor concerning this invention disconnects itself 
easily with heating, and is changed into acenes. Although cooking temperature changes with the 
kind of acene precursor, thickness of a thin film, etc., 150-300 ** of it may be sufficient in 
general. Although cooking time changes with the kind of acene precursor, the thickness of a thin 
film, cooking temperature, etc., 5 to 20 minutes may be sufficient as it in general. By making acid 
exist, cooking temperature is lower and cooking time can be shortened more. The light-and-heat 
conversion layer of a description is also applicable to the Patent Application No. 2002-309483 
Description. 
[0028] 

As a typical pentacene precursor of the acene precursor concerning this invention, the 

compound expressed with the following general formula (1) is preferred. 

[0029] 

[Chemical formula 3] 
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[0030] 

R expresses the organic group of a hydrogen atom or monovalence among a formula. As an 
organic group of monovalence, although an alkyl group, a cycloalkyl group, an aryl group, a 
heterocycle group, an alkenyl group, an alkynyl group, an alkoxy group, an alkylthio group, a 
halogen atom, etc. are mentioned, it is an alkyl group preferably. An alkyl group may be further 
replaced by the organic group of monovalence. As an example of an alkyl group, a methyl group, 
an ethyl group, a propyl group, i-propyl group, t-butyl group, etc. are mentioned, for example. 
[0031] 

The acene precursor concerning this invention can be obtained from a commercial raw material 
by the ability to compound it easily. For example, the compound expressed with said general 
formula (1) which is a desirable compound of the typical pentacene precursor as an acene 
precursor is obtained by the following methods. 
[0032] 

(Synthetic example 1) Composition of compound A 

The hydriodic acid 175g was added to the suspension which added 7.0 g of pentacene 6,13- 
quinone to 350 ml of acetic acid bottom 57% of a nitrogen atmosphere, and heating flowing back 
was carried out for 5 hours. After radiational cooling, the sediment was filtered and rinsed and it 
dried, after adding 700 ml of sodium-pyrosulfite solution to a reaction mixture 1%. The obtained 
solid was recrystallized with toluene and 5.0 g of pentacene 6(13H)-one was obtained (74% of 
yield). 
[0033] 

Next, 1050 ml of ethanol and the mixed solvent of 165 ml of water were made to suspend 5.0 g 
of pentacene 6(13H)-one, and under a nitrogen atmosphere, the sodium borohydride 8g was 
added and it stirred at the room temperature for 20 hours. Sal-ammoniac solution was added to 
the obtained reaction mixture 3%, suction filtration of the sludge was carried out, and it dried 
after washing with water. The obtained white solid was further recrystallized with toluene, and 
3.9 g of compound A of the following structure was obtained. (78% of yield) 
[0034] 

[Chemical formula 4] 



OH 




[0035] 

A reaction scheme is shown below. 
[0036] 

[Chemical formula 5] 
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[0037] 

(Synthetic example 2) Composition of the compound B 

1.0 g of compound A was dissolved in 500 ml of methyl ethyl ketone, under a nitrogen 
atmosphere, the potassium carbonate 1.2g and 0.5 g of iodomethane were added, and stirring 
was performed at 60 ** for 4 hours. Water was added to the obtained reaction mixture, the 
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organic layer was separated, this was condensed, and the solid was deposited. The obtained solid 
was recrystallized with toluene after filtration, and the compound B0.76g of the following 
structure was obtained (73% of yield). 
[0038] 

[Chemical formula 6] 



och 3 




[0039] 

A reaction scheme is shown below. 
[0040] 

[Chemical formula 7] 
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[0041] 

What is necessary is just to heat this layer, after forming the layer which contains the acene 
precursor concerning this invention on the surface of a substrate, in order to manufacture the 
organic thin film transistor element which is one embodiment of this invention. What is necessary 
is just to heat this layer, after forming the layer containing the acene precursor concerning this 
invention on this gate dielectric film after forming a gate electrode and gate dielectric film on the 
surface of a substrate, in order to manufacture the organic thin film transistor element which is 
another embodiment. It is preferred to perform heating under existence of acid in respect of 
efficiency. Here, with the bottom of existence of acid, it can also heat in an acid atmosphere by 
the ability to also make the layer containing the acene precursor concerning this invention 
contain acid beforehand. 
[0042] 

Formation of the layer containing the acene precursor concerning this invention dissolves the 
acene precursor concerning this invention in an organic solvent, for example, chloroform, and can 
form it easily by casting by an applicator etc. Although the thickness of cast membrane changes 
with the kind of acene precursor concerning this invention, uses of an organic thin film transistor 
element, etc., it is 30-100 nm preferably 20-500 nm in general. 
[0043] 

Next, the general thing an organic thin film transistor element concerning this invention and a 

manufacturing method for the same are [ a thing ] related is described. 

[0044] 

The top gate type which an organic thin film transistor element has the source electrode and 
drain electrode which were connected by the organic semiconductor channel on the surface of a 
substrate, and has a gate electrode via a gate insulating layer on it, It is divided roughly into the 
bottom product gated mode which has a gate electrode first and has the source electrode 
connected by the organic semiconductor channel via the gate insulating layer, and a drain 
electrode on the surface of a substrate. In this invention, although any type is preferably 
applicable, especially a bottom product gated mode is preferred. 
[0045] 

this invention **** — it not being limited but especially, if the material which forms a source 
electrode, a drain electrode, and a gate electrode is a conductive material, Platinum, gold, silver, 
nickel, chromium, copper, iron, tin, antimonial lead, tantalum, Indium, palladium, a tellurium, a 
rhenium, iridium, aluminum, A ruthenium, germanium, molybdenum, tungsten, tin-oxide antimony, 
Indium tin oxide (ITO), a fluoride dope zinc oxide, zinc, carbon, Graphite, glassy carbon, silver 
paste, and carbon paste, Lithium, beryllium, sodium, magnesium, potassium, calcium, A scandium, 
titanium, manganese, a zirconium, gallium, niobium, Sodium, a sodium potassium alloy, magnesium, 
lithium, Although aluminum, magnesium / copper mixture, magnesium / silver mixture, 
magnesium / aluminum mixture, magnesium / indium mixture, aluminum/aluminum oxide mixture, 
lithium / aluminum mixture, etc. are used, In particular, platinum, gold, silver, copper, aluminum, 
indium, ITO, and carbon are preferred. Or the complex etc. of the publicly known conductive 
polymer which raised conductivity with doping etc., for example, conductive polyaniline, 
conductive polypyrrole, a conductive polythiophene, polyethylene dioxythiophene, and 
polystyrene sulfonate are used suitably. In a contact surface with a semiconductor layer, what 
has few electrical resistance is especially preferred. 
[0046] 

The conductive thin film formed as a formation method of an electrode using methods, such as 
vacuum evaporation and sputtering, by using the above as a raw material, There is the method of 
etching using the resist by hot printing, an ink jet, etc. on metallic foils, such as the method and 
aluminum which carry out electrode formation using the publicly known photolithograph method 
or the lift-off method, and copper. The solution of a conductive polymer or dispersion liquid, and 
conductive particle dispersion liquid may be directly patterned by an ink jet, and it may form by 
RISOGURAFU, laser ablation, etc. from a coating film. The method of patterning the ink which 
furthermore contains a conductive polymer and a conductive particle, conductive paste, etc. by 
print processes, such as letterpress, an intaglio, lithography, and screen-stencil, can also be 
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used. 
[0047] 

Although various insulator layers can be used as a gate insulating layer, an inorganic oxide film 
with especially high specific inductive capacity is preferred. As an inorganic oxide, a silicon oxide, 
an aluminum oxide, tantalum oxide, Titanium oxide, the tin oxide, vanadium oxide, Barium titanate 
strontium, barium titanate zirconate, lead zirconate titanate, a lead titanate lantern, strontium 
titanate, barium titanate, barium fluoride magnesium, titanic acid bismuth, strontium titanate 
bismuth, Strontium bismuth tantalate, niobium tantalate acid bismuth, bird oxide yttrium, etc. are 
mentioned. Among those, a silicon oxide, an aluminum oxide, tantalum oxide, and titanium oxide 
are preferred. Inorganic nitrides, such as silicon nitride and an aluminum nitride, can also be used 
conveniently. 
[0048] 

As a formation method of the above-mentioned coat, a vacuum deposition method, molecular 
beam epitaxy, The ion cluster beam method, the low energy ion beam method, the ion plating 
method, Dry processes, such as a CVD method, sputtering process, and an atmospheric 
pressure plasma process, A spray coating method, a spin coat method, the blade coat method, a 
dip coating method, Wet process, such as a method by patterning of the method by spreading, 
printing, an ink jet, etc. of the cast method, the roll coat method, the bar coat method, the die 
coat method, etc., is mentioned, and it can be used according to material. 
[0049] 

The method of wet process applying the liquid which distributed the particles of the inorganic 
oxide using distributed adjuvants, such as a surface-active agent, if needed in arbitrary organic 
solvents or water, and drying, and what is called a sol gel process that applies the solution of an 
oxide precursor, for example, an alkoxide object, and is dried are used. 
[0050] 

An atmospheric pressure plasma process is [ among these ] preferred. 
The formation method of the insulator layer by the plasma film production processing under 
atmospheric pressure, By the processing which discharges under atmospheric pressure or the 
pressure near the atmospheric pressure, carries out plasma excitation of the reactive gas, and 
forms a thin film on a base material. The method is indicated in each gazette of JP,1 1~61406,A, 
said 11-133205, JP,2000-121804,A, said 2000-147209, and the 2000-185362 grade (it is also 
hereafter called an atmospheric pressure plasma process), this — the thin film of highly efficient 
nature — productivity — it can form highly. 
[0051] 

As an organic compound coat, polyimide, polyamide, polyester, The photo-setting resin of 
polyacrylate, an optical radical polymerization system, and an optical cation polymerization 
system or the copolymer containing an acrylonitrile ingredient, polyvinyl phenol, polyvinyl alcohol, 
novolak resin, cyanoethyl pullulan, etc. can also be used. 
[0052] 

As a method of forming an organic compound coat, said wet process is preferred. 

An inorganic oxide film and an organic acid ghost coat can be laminated and used together. 

Generally as thickness of these insulator layers, 50 nm - 3 micrometers are 100 nm - 1 

micrometer preferably. 

[0053] 

As a substrate, it comprises glass and a flexible sheet made of resin, for example, a plastic film 
can be used as a sheet. As said plastic film, for example Polyethylene terephthalate (PET), 
Polyethylenenaphthalate (PEN), polyether sulphone (PES), The film etc. which consist of 
polyether imide, a polyether ether ketone, a polyphenylene sulfide, polyarylate, polyimide, 
BO RIKABONETO (PC), cellulose triacetate (TAC), cellulose acetate propionate (CAP), etc. are 
mentioned. Thus, while being able to attain a weight saving compared with the case where a 
glass substrate is used and being able to improve portability by using a plastic film, the tolerance 
over a shock can be improved. 
[0054] 

[Working example] 

Hereafter, although working example explains this invention, this invention is not limited to this. 
[0055] 



http://www4.ipdl.inpit.go.jp/cgi-bin/tran_web_cgi_ejje?atw_u=http%3A%2F%2Fwww4.i... 2011/04/21 



JP,2004-273677,A [DETAILED DESCRIPTION] 



9/10 ^— V 



Working example 1 

After forming a 2000-A-thick oxidizing film in the Si wafer of the resistivity of 0.01 ohm, and cm, 
the often refined chloroform fluid of compound A was applied using the applicator, it dried, and 
cast membrane (50 nm in thickness) was formed. Among a nitrogen gas atmosphere, when heat 
treatment for 10 minutes was performed at 200 **, the thin film of pentacene was formed. The 
mask was used for the surface of this film, gold was vapor-deposited on it, the source and the 
drain electrode were formed in it, and the channel width of W= 3 mm and L= 20 micrometers of 
channel length's organic thin film transistor element (this invention sample 1) were produced. 
[0056] 

this invention sample 2 as well as this invention sample 1 was produced except having replaced 

with the compound A in this invention sample 1, and having used the compound B. 

[0057] 

The comparison sample 1 as well as this invention sample 1 was produced except having 
replaced with the compound A in this invention sample 1, and having used the comparison 
compound (said nonpatent literature 1, a compound given in p481, and a structural formula are 
shown below.). 
[0058] 

[Chemical formula 8] 



CI CI 




[0059] 

this invention sample 1 and this invention sample 2 showed the good operating characteristic of 
the p channel enhancement type FET (field-effect transistor). However, the comparison sample 
1 did not show a good operating characteristic. 
[0060] 

A result is shown in Table 1. 

[0061] 

[Table 1] 





(cmVvs) 




0.32 


2 


0.28 




0.09 



[0062] 

this invention sample 1 and this invention sample 2 are understood that carrier mobility is large 3 
or more times compared with the comparison sample 1 from Table 1. 
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[0063] 

Working example 2 

On the 200-micrometer-thick polyether sulphone (PES) film substrate 1, after painting the 
photosensitive resist for photolithographs, the 20-micrometer-wide gate bus line (electrode) was 
formed by the lift-off method. The gate electrode 6 formed aluminum in thickness of 2000 A by 
sputtering (drawing 1 (a)). Subsequently, after carrying out anodizing of this Al film using the 
phosphoric acid aqueous solution and forming 1500-A aluminum oxide coating, the 500-A~thick 
silicon-oxide film was provided as the gate insulating layer 5 by the atmospheric pressure plasma 
process ( drawing 1 (b)). On the gate insulating layer 5, the often refined chloroform fluid of 
compound A was applied using the applicator, it dried, and the cast membrane (50 nm in 
thickness) which is the organic semiconductor layer 2 was formed ( drawing 1 (c)). Subsequently, 
among a nitrogen gas atmosphere, when heat treatment for 10 minutes was performed at 200 **, 
the organic semiconductor layer 2 was changed into pentacene ( drawing 1 (d)). 2000-A-thick 
gold was vapor-deposited via the mask, and the source electrode 3 and the drain electrode 4 
were formed ( drawing 1 (e)). 
[0064] 

TFT produced by the above showed the good static characteristic and operation nature of the p 

channel enhancement type FET (field-effect transistor). 

[0065] 

[Effect of the Invention] 

According to this invention, an organic thin film transistor element which productive efficiency 
equips with the organic semiconductor layer containing the high and, big acenes of carrier 
mobility, and a manufacturing method for the same were able to be provided. 
[Brief Description of the Drawings] 

[Drawing 1] It is an imaged figure showing the TFT production processes of working example. 
[Explanations of letters or numerals] 

1 Substrate 

2 Organic semiconductor layer 

3 Source electrode 

4 Drain electrode 

5 Gate insulating layer 

6 Gate electrode 
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* NOTICES * 

JPO and INPIT are not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3.1n the drawings, any words are not translated. 
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